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Because of advances in surgical technology, and trends toward performing fewer elective surgeries overall and more minor elective surgeries on an outpatient basis, fewer children and adolescents are currently hospitalized for elective surgeries than in the previous two decades (Brophy & Erickson, 1990; Perrin, 1993) . Moreover, those children who are currently hospitalized for surgery are a vastly different population than children who were hospitalized for such procedures in the past. Children and adolescents are now much more likely to be hospitalized for moderate to severe surgeries (e.g., osteotomies, spinal fusions) which generally involve longer recovery periods and more intense pain, versus minor surgeries (e.g., V-P shunt revision, strabismus repair), which are now performed almost exclusively on an outpatient basis. Children who are hospitalized for moderate to severe surgeries are also likely to have more complex and chronic physical problems prior to surgery (Perrin, 1993) . Consequently, the quality of hospital-based care, and especially the optimal management of pain and distress, remains an important but poorly understood issue for these children.
Recent studies show that 35 to 60% of children who undergo surgical procedures for a range of problems report moderate to severe pain even after receiving analgesics (e.g., Alex & Ritchie, 1992; Mather & Mackie, 1983) . Investigators have also found that children are given significantly less analgesics (mg/kg) than adults for comparable surgeries (e.g., Bush, Holmbeck, & Cockrell, 1989) . Thus, the occurrence of moderate to severe pain appears to be a realistic fear for children and a common outcome of surgery. Consequently, empirical identification of children who are most vulnerable to the psychological stress and pain associated with hospitalization and surgery and, hence, in most need of specialized intervention, has considerable clinical relevance (e.g., Peterson & Toler, 1986; Robins, 1987) . However, to our knowledge, research to date has focused exclusively on prediction of children's psychological distress (e.g., anxiety) after surgery rather than on the prediction of children's experience of pain intensity.
Prospective correlational investigations have identified several predictors of children's postoperative distress including type of coping strategies, coping styles, age, premorbid psychological adjustment, and length of hospital stay (e.g., Peterson & Toler, 1986; Robins, 1987) . For example, more frequent coping responses, more active or cognitive coping strategies (e.g., information seeking), and a "sensitizing" style of coping that is focused on directly dealing with the stressor have predicted less postsurgical distress (e.g., Burstein & Meichenbaum, 1979; Peterson & Toler, 1986; Robins, 1987) . Some investigators (e.g., Peterson & Toler, 1986) have found that younger children experience the most behavioral disturbance after surgery, while others have not (Thompson & Vemon, 1993) . Finally, better premorbid psychological adjustment and shorter hospital stays have predicted better postoperative outcomes (Robins, 1987) .
However, several methodological and conceptual problems limit the conclu-sions that can be drawn from prior studies. First, most prior studies have been exploratory and have not used an explicit theory to frame hypotheses. As a result, there is little consensus concerning what variables are most important in identifying children who will have the most problems coping with the stress and pain of surgery. Second, because most studies were conducted in the 1980s with children who had minor elective surgeries, the findings may not be applicable to children who undergo more severe inpatient surgical procedures that are more common today. Finally, the experience of postoperative pain has been neglected as an outcome following surgery. The clinical relevance of children's experience of postoperative pain is twofold. Unrelieved pain has been shown to be associated with both negative physical effects, including postoperative complications (McCaffery, 1977) , slower wound healing, infection, and suppressed insulin response (Anand, Carr, & Hickey, 1987) , as well as psychological effects such as the development of maladaptive behaviors, and distrustful attitudes toward health care providers (e.g., Bush, 1987) . Moreover, the benefits of effective pain management include earlier mobilization, shortened hospital stay, and reduced costs (U.S. Department of Health & Human Services, 1992) .
The present study addresses several limitations of prior studies by providing an explicit framework for hypotheses, a current population of inpatient pediatric surgery patients, and a focus on postoperative pain as a clinical outcome. One unique contribution of our study is the focus on the role of expectations and anticipatory emotions in predicting children's postoperative pain. Expectations (e.g., the efficacy of a certain treatment in obtaining pain relief) are important in McGrath's (1990) model of children's pain experiences and Bush and Iannotti's (1990) model of children's health beliefs.
Positive expectations including specific beliefs about the efficacy of treatment, chances for future health and survival, as well as general feelings about the self and the future, have predicted outcomes in adult surgery patients (e.g., Leedham, Meyerowitz, Muirhead, & Frist, 1995) . High preoperative positive expectations have predicted nurse's ratings of physical health 6 months postsurgery (Leedham et al., 1995) , and adjustment to the illness, quality of life, and physical outcomes (e.g., Leedham et al., 1995; Scheieret al., 1989) . However, research concerning the influence of expectations have been neglected in child surgery patients.
The present study tests a model for prediction of children's postoperative pain that incorporates variables drawn from McGrath's pain model and the Children's Health Belief Model (CHBM; Bush & Iannotti, 1990) which is an adaptation of the comprehensive adult Health Belief Model (HBM; Becker, 1974) . This model proposes that demographic (e.g., age, gender), cognitive/affective (e.g., medicine knowledge), enabling (e.g., illness frequency), and environmental (e.g., caretaker's perceived illness threat) factors modify several specific "readi- ness factors." These readiness factors, motivations (e.g., illness concern), perceived illness threat (e.g., perceived severity), and perceived benefit of medicines are hypothesized to directly impact behavior factors (e.g., expected medicine use and actual medicine use).
The predictive model of children's experience of pain following surgery that was tested in the present study included the following variables: medical/surgery (surgery severity, length of hospital stay, analgesics administered), age, anticipatory anxiety, expected surgery pain, and expected benefit of pain medicine (Figure 1) . Several medical/surgery variables were included in the model based on previous findings of relationships with postoperative pain or distress, and clinical expectations of the relationship between medical variables and postoperative pain (e.g., Cohen, 1993) . We expected children with longer hospital stays and more severe surgeries to report high postoperative pain intensity based on findings of Robins (1987) and Beyer, McGrath, and Berde (1990) . An inverse relationship between analgesics administered and postoperative pain intensity was expected based on the clinical expectation that children are treated with analgesics according to their level of pain intensity. Age has received empirical support as a predictor of postoperative distress (e.g., Peterson & Toler, 1986) and pain in response to acute medical procedures (e.g., Manne, Jacobsen, & Redd, 1992) . Younger children tend to report more pain. In accord with previous research, we expected that the level of postoperative pain intensity would decrease as a function of age.
The anticipatory emotion variable included in the model, anticipatory anxiety, refers to children's perceived level of anxiety prior to or in preparation for surgery. Anxious, fearful, and depressed children may experience more intense levels of pain than those who are less distressed (McGrath, 1990) . In the present study, children who reported higher levels of anticipatory anxiety regarding their forthcoming surgical procedures were hypothesized to experience more pain after surgery.
The expectation variables, expected surgery pain and expected benefit of pain medicine, refer to the intensity of pain that children expect to experience from surgery and children's expectations of the efficacy of pain medicine for alleviating their postoperative pain. In accord with findings from prior studies that documented the influences of expectations on children's health behavior, (e.g., Bush & Iannotti, 1990 ), children's expectations for pain severity were expected to directly influence their postoperative outcome (i.e., pain). It was hypothesized that children who expected high pain intensity from surgery would subsequently report high pain intensity after surgery. McGrath (1990) suggested that children's expectations of obtaining adequate pain relief are important in understanding their experience of pain. However, to our knowledge, the relationship between children's expectations concerning pain relief to their postoperative experience of pain has not been assessed. In the present study, children's expectations that pain medicine would be highly effective in relieving postoperative pain were expected to be associated with lower pain intensity after surgery.
METHODS

Participants
Twenty-eight children, ages 7 to 17 years (M = 12.4, SD = 3.0), scheduled for elective inpatient surgery over 5 consecutive months at Rainbow Babies and Childrens Hospital in Cleveland, Ohio, and their parents participated in the study. Children who were English speaking, had no known brain injury, and who spent a minimum of 24 hours in the hospital were eligible to participate. Of the 32 eligible children and adolescents, 30 children and their parents gave consent and 28 completed the study (1 child did not spend the night in the hospital and 1 child's surgery was postponed). The 2 families who chose not to participate in the study reported that they were concerned about adding potential stress to their children through participation.
Demographic characteristics of the sample and their hospital histories are presented in Table I . Family socioeconomic status (SES) ranged from lower class to upper class with the majority of families in the middle class range {M = 36.64, SD = 20.87) on the Hollingshead (1957) two-factor index. Eight children had been hospitalized previously for surgical procedures. Twenty-seven children received pain medication following surgery with the majority of children receiving narcotics in a p.r.n. schedule. Children on continuous schedules received more analgesics (M = 0.94, SD = 0.90) than children on p.r.n. schedules (M = 0.12, SD = 0.13). Most children (n = 24) had a parent room in with them during their hospital stays.
Procedures
All families were approached during their routine preoperative visits (approximately 1 week prior to scheduled surgeries) and asked to take part in a study examining how children cope with hospitalization and surgery. After written consent was obtained from parents and verbal assent obtained from child participants, children and parents were questioned separately. Parents completed a demographic form while children responded to questions about their presurgical expectations using numerical rating scales. Following the surgeries, children gave self-reported pain ratings. All children received the same presurgical preparation/orientation, which included visits with a clinical nurse specialist who explained the surgical procedures and the importance of reporting pain complaints to an adult, and visits with a child life specialist who gave a hospital tour.
Measures
Background Variables Surgery Data. Two "experts," a pediatric anesthesiologist and a pediatric medical-surgical clinical nurse specialist, with over 30 years combined experience with pediatric surgery patients, rated the severity of children's surgeries. Surgeries were classified on a 3 point scale (1 = minor, 2 = moderate, 3 = severe) based on blood loss, invasiveness of procedure, painfulness, degree of monitoring needed, and length of hospital stay. Similar dimensions have been used in prior studies to rate seriousness of surgeries (e.g., Bush et al., 1989) . Interrater reliability for severity using a Spearman rank correlation coefficient was .85. Surgeries represented in this study were classified as minor (n = 4), moderate (n = 15), and severe (n = 9).
The number of days of hospitalization, and the type, route, and dose of analgesics administered were recorded from patient medical charts. To compare different schedules (e.g., p.m., continuous infusion) and routes (e.g., iv, oral) of analgesic administration, the total analgesics administered on surgery day (first 24 hours of hospitalization) in milligrams per kilogram was computed. Corrections were made for body weight, different drug potencies, and route of administration using a two-step process as delineated by Bush et al. (1989) . First, analgesics were converted into intravenous morphine-equivalent dosages in milligrams based on information given in Ritchie and Greene (1990) , and second, these morphine-equivalent units were divided by patient weight so that morphine units in mg/kg could be compared across subjects.
Demographics. Parents completed a demographic form to provide the following: the child's age, ethnicity, and medical history (e.g., number of previous surgeries), and educational and occupational information to calculate family SES on the Hollingshead (1957) two-factor index.
Independent Variables
Child Self-Report Ratings. Children gave ratings of (a) expectations for postoperative pain, (b) level of anticipatory anxiety regarding the surgery, and (c) expectations for helpfulness of pain medicine. Children were asked to rate expected surgery pain ("How much pain do you think you will have from your surgery?"), anticipatory anxiety ("How anxious or nervous are you about your surgery?"), and expected medication helpfulness ("How helpful do you think pain medicine will be for making your pain feel better?") on graphically presented numerical rating scales ranging from 0 to 10 with bottom and top anchors specific to the relevant dimensions. For example, children rated their anxiety ranging from 0 (not anxious or nervous) to 10 (really anxious or nervous).
Parent Ratings. Parents used the same rating scales to respond to the above questions concerning parents' perceptions of their children's expectations (expected pain, anticipatory anxiety, and expected helpfulness of medicine). Thus, parents served as additional informants to provide preliminary construct validity for children's ratings.
In the present study, children's and parents' ratings of helpfulness of pain medicine were positively related, r(21) = .26, p > .10; however, ratings of anticipatory anxiety were inversely related, r(21) = -.25, p > .10. Only children's and parents' reports of level of expected pain were significantly positively correlated (r(27) = .41, p < .03). Construct validity was also demonstrated through intercorrelations of children's ratings. Children's reports of anticipatory anxiety were positively associated with reports of expected surgery pain, r(21) = .42, p < .03. Children who reported greater anticipatory anxiety expected more pain from surgery.
Dependent Variables
Pain Ratings. Following surgery, children rated the intensity of the pain they were currently experiencing on a graphically presented numerical rating scale with two anchors: 0 (no pain) and 10 (the worst pain ever). From surgery day to the second postoperative day (if children were hospitalized for this length of time), children were asked up to three times a day to rate their current level of pain. Investigators attempted to obtain pain ratings from children three times a day; however, if children were sleeping, away from their room, or with a physician, the ratings were postponed until the next collection period. Pain ratings were obtained for all children on surgery day, for 18 children on the first postoperative day (POD1), and for 7 children on the second postoperative day (POD2). The average number of pain ratings obtained from children was one pain rating per day (M = 1.2, SD = 0.42). Collection hours for pain ratings on surgery day ranged from 2 to 6 hours after surgery (M = 4.01, SD = 1.19); collection of pain ratings on POD1 and POD2 were attempted at 9 a.m., 1 p.m., and 5 p.m. A number of variations of similar pain rating scales have been successfully used with children over the age of 3 (Abu- Saad, 1984; McGrath, 1990) . Children above the age of 5 have demonstrated use of similar visual analog scales in a reliable and valid manner to rate the intensity of acute pain from medical procedures or daily activities, recurrent pain, postsurgical pain, phantom limb pain, and chronic pain (McGrath, 1990) . 
RESULTS
Descriptive Statistics
Descriptive statistics for the independent and dependent variables are presented in Table II . As expected, the majority (78.6%) of children reported moderate (4-6) to high (7-10) pain intensity on surgery day. Pain ratings appeared to decrease over the course of hospitalization, surgery day, (M = 5.71, SD = 2.90), POD1 (Af = 5.28, SD = 3.23), and POD2 {M = 5.14, SD = 3.63); however, this decrease, tested with a repeated measures ANOVA, F(2, 12) = 0.99, was not significant. Although the respective means reflect decreases in pain ratings, a subgroup of children (n = 11) reported higher pain ratings on POD1 than on surgery day and 1 child reported higher pain ratings on POD2 than on surgery day. Because of problems with missing data and averaging ratings over several days, and also to limit reductions in sample size, we elected to use only surgery day pain ratings for all subsequent prediction analyses.
Preliminary correlational analyses were used to test the relationship of background medical/surgery variables to children's reports of surgery day pain intensity. A trend was found for an inverse relationship between total analgesics administered on surgery day and children's pain ratings on surgery day, rill) = -.36, p < .06. Children who received more analgesics tended to report lower pain on surgery day. No relationship was found between surgery severity ratings and length of hospitalization and surgery day pain ratings. Therefore, the only medical/surgery variable included in the predictive model was total analgesics administered. Table III shows the intercorrelation matrix computed for all independent and dependent variables. Age of the child was significantly inversely related to surgery day pain ratings, r (27) = -.37, p < .05, reflecting decreases in pain intensity ratings as a function of age. A significant positive relationship was found between anticipatory anxiety and surgery day pain ratings, K27) = .57, p < .001; children who reported high levels of anticipatory anxiety reported high levels of postoperative pain. Child-and parent-report of expected surgery pain and expected helpfulness of pain medicine were not significantly related to surgery day pain ratings. Intercorrelations among the predictor variables were in the hypothesized directions.
Hierarchical Multiple Regression Analyses
A hierarchical regression analysis was conducted to test the hypothesized model (see Figure 1 ) that medical/surgery variables, age, anticipatory anxiety, expected surgery pain, and expected helpfulness of pain medicine would predict children's postoperative pain intensity. Variables were entered on four steps: (1) age, (2) total analgesics administered, (3) anticipatory anxiety, and (4) expected surgery pain and expected helpfulness of pain medicine. Age was entered first into the regression equation because it predates the other variables. In addition, we wished to determine the effects of the other variables separate from age. The expectation variables, expected surgery pain and expected helpfulness of pain medicine, were entered last to test the strength of their relationship to postoperative pain intensity after accounting for the influence of all other variables in the model.
Results are presented in Table IV . Age was a significant predictor of surgery day pain ratings (R 2 = .14), F(l, 26) = 4.23, p < .05. Younger children demonstrated higher postoperative pain intensity ratings than older children. As shown in the last column of Table IV, after controlling for age effects, total analgesics administered added significant variability to the prediction of surgery day pain ratings (R 2 increment = .19, p < .01). Children receiving less total analgesics reported higher postoperative pain ratings. Anticipatory anxiety also emerged as a significant predictor of surgery day pain ratings, accounting for a significant increase in variance (R 2 increment = .26, p < .003). Children who were more anxious about their forthcoming surgeries reported more pain after surgery. The expectation variables, expected surgery pain and expected helpfulness of pain medicine, did not account for significant increases in variability in predicting surgery day pain ratings. Overall, the combined effect of the predictor variables accounted for 51 % of the variance in surgery day pain intensity ratings.
A separate regression analysis was conducted for the prediction of surgery day pain ratings using parent ratings of children's anticipatory anxiety and expec- tations. The regression equation was structured with the same four steps: (1) age, (2) analgesics administered, (3) parent report of child anticipatory anxiety, and (4) parent report of expected surgery pain and expected medication helpfulness. Total analgesics administered emerged as the only significant predictor (R 2 increment = .22, p < .01). Children who received more analgesics reported less pain. The combined effect of the predictor variables accounted for 40% of the variance in children's surgery day pain ratings.
DISCUSSION
The majority of children and adolescents who experienced moderate to severe inpatient surgeries reported pain intensity in the middle to high range. This finding is consistent with prior studies of children's postoperative pain intensity in which 35-60% of children have been found to report moderate to severe postoperative pain from similar surgeries (e.g., Mather & Mackie, 1983) . Thus, our findings provide further evidence of the frequent occurrence of moderate to severe postoperative pain in children and raise the issue of whether some of these children might require additional treatment (i.e., pain medication). However, future studies are needed to determine the generalizability and clinical impact of these pain levels on recovery, and to define indications for treatment.
The marked individual variation found in children's reports of postoperative pain intensity supports the need to test a predictive model of postoperative pain, which is the primary contribution of the present study. In accord with the model, after controlling for age effects, children's anticipatory anxiety was a significant predictor of their postoperative pain ratings. Children and adolescents who were more anxious regarding their surgeries reported a higher level of postoperative pain. Although anxiety, fear, and depression have been hypothesized to strengthen children's experience of acute pain (McGrath, 1990) , to our knowledge, this is the first study that has found a relationship between anticipatory anxiety and postoperative pain. However, the nature and source of the association between anxiety and pain are not entirely clear. There are several alternatives: Children who are more anxious may use less adaptive coping strategies (e.g., Thompson, 1994) , emotional arousal may increase children's pain perceptions, or children's pain ratings may reflect their level of anxiety about surgery. Several investigators have discussed the difficulty in distinguishing among the sources of children's pain ratings. For example, Shacham and Daut (1981) have argued that it is often difficult to distinguish whether rating scales are actually measuring pain or other aspects of distress, such as anxiety. Thus, to test among alternatives such as whether emotional arousal accounts for the relationship between anxiety and pain, concurrent assessment of the intensity of emotions such as sadness and fear is needed.
Our hypothesis that clinically relevant surgery background variables (i.e., surgery severity, length of hospital stay, analgesics administered) would predict postoperative pain ratings is partially supported. Children who received more analgesics tended to report less postoperative pain. This finding highlights the need for individualized pain management including greater attention to children's analgesic requirements after surgery, particularly because the majority of children (71% in the present study) do receive p.m. prescriptions of analgesics after surgery. As Bush et al. (1989) concluded, p.r.n. schedules for analgesic administration result in low drug delivery. However, the impact of low levels of analgesics on children's pain and recovery from surgery is unclear. The problem with a strict interpretation of total analgesics to amount of postoperative pain is that the schedule (i.e., p.m., continuous) of analgesic administration is confounded. Children who were on continuous schedules received more analgesics which likely influenced the amount of pain they reported. Therefore, it may be important to examine relationships within subgroups of children receiving the same schedule of analgesics to determine whether these relationships hold in a more homogeneous group.
Contrary to prediction, children with more severe surgeries and longer hospital stays did not report greater postoperative pain intensity. This finding seems to contradict clinical wisdom concerning the management of postoperative pain given the fact that surgery severity and length of stay often influence clinicians' decisions to administer analgesics (Bush et al., 1989; Ross, Bush, & Crummette, 1991) . However, there is extraordinary variation across hospitals in a range of practices that might be expected to affect how variables such as surgery severity, amount of pain medicine, and length of stay relate to children's postoperative pain. Investigators who are interested in this area need to consider several questions. Among these questions are whether the institution offers a pediatric or adult pain service that is regularly consulted on postoperative patients; how often the institution orders PCA units for postoperative patients; what typical analgesic prescriptions are ordered for postoperative patients; and how decisions are made at the institution regarding length of stay (e.g., do late Operating Room times result in overnight admissions?). Large multisite studies that take these variables into account are needed to clarify the relationship between surgery background variables and postoperative pain.
Contrary to our hypotheses, children's expectations for pain and medication effectiveness did not predict their ratings of surgery day pain. Children who expected high pain intensity and little benefit of pain medicine did not report higher postoperative pain intensity. There are several possibilities for the weak relationship found between these variables. First, perhaps expectations for pain cannot be interpreted as following a simple linear progression; it may be more important to examine whether children have overpredicted or underpredicted their pain, or have realistic perceptions of pain that correspond to the severity of their surgeries. Second, children's expectations for pain and medication effectiveness may interact with their coping abilities. For example, children who have many coping resources may feel that they do not need to rely on pain medicine as much as children who have few coping resources. A more complete assessment including children's coping abilities and their specific perceptions of pain and severity of their surgeries may detect a stronger relationship with children's postoperative pain.
Using parent ratings, there were no significant relationships between the anticipatory emotion and expectation variables and children's surgery day pain intensity ratings. Children's ratings proved to be more predictive of self-reported pain on surgery day than were parent ratings. One clinical implication of this finding is that if only parents are asked about their children's anxiety and expectations for surgery then valuable information will be lost.Based on the findings of the present study, children's self-reports provide the most information from which to make predictions about their postoperative pain.
Several methodological issues concerning the measurement of children's expectations for surgery that affect the interpretation of our findings should be considered. The interrelationship between anticipatory anxiety and expected pain makes it difficult to disentangle these constructs. For example, do children who expect more pain subsequently have more anticipatory anxiety or do children who have more anticipatory anxiety subsequently expect more pain from surgery? A more complex causal model should be tested to document the interrelationships (including a reciprocal relationship) between expectations for pain and anticipatory anxiety.
Several points concerning the measurement of anticipatory anxiety also need to be considered. Anxiety was assessed 1 week prior to surgery using a global rating concerning the forthcoming surgery. However, children's anticipatory anxiety may focus on specific situational elements (e.g., anxiety regarding spending the night in the hospital) which was not assessed. A specific measure of anticipatory anxiety may have yielded even stronger findings. In addition, because anticipatory anxiety may change over time, assessment of anxiety at multiple time points (e.g., day before surgery, morning prior to surgery) may provide different information. Future research would also benefit from the use of standardized measures of state or trait anxiety in order to demonstrate whether children who are generally anxious fare worse (i.e., have more postoperative pain) than children whose anxiety is focused only on the forthcoming surgery.
A potential weakness of the present study is limited power. Although the small sample reinforces the positive findings of large effect sizes (.50) for the correlational analyses, the interpretation of negative findings is more tentative because power is limited to detect small (.10) to medium (.30) effect sizes. Therefore, future studies of the influence of child and family variables on postoperative pain need to include larger samples so that all findings can be reliably interpreted. However, based on the relationships found in the present study, the prediction model presented here may provide a beginning point to a more theoretical study of influences on children's postoperative pain.
A moderate proportion of variance in children's self-reports of pain intensity (51%) was explained by global unidimensional measures of expectations. Other factors that could account for the unexplained variance in children's ratings include child and family psychological variables (e.g., temperament, depression, parental anxiety), children's prior experiences with painful events, coping styles and coping strategies, and cognitive or intellectual ability. Future studies could incorporate child and family variables in testing a more comprehensive prediction model of influences on children's postoperative pain reports.
